The first 2 wk of neonatal life constitute a critical period for estrogen receptor alpha (ESR1)-dependent uterine adenogenesis in the pig. A relaxin receptor (RXFP1)-mediated, lactocrinedriven mechanism was proposed to explain how nursing could regulate endometrial ESR1 and related gene expression events associated with adenogenesis in the porcine neonate during this period. To determine effects of nursing on endometrial morphogenesis and cell compartment-specific gene expression, gilts (n ¼ 6-8/group) were assigned at birth to be either 1) nursed ad libitum for 48 h, 2) gavage fed milk replacer for 48 h, 3) nursed ad libitum to Postnatal Day (PND) 14, or 4) gavage fed milk replacer for 48 h followed by ad libitum nursing to PND 14. Uteri were collected on PND 2 or PND 14. Endometrial histoarchitecture and both ESR1 and proliferating cell nuclear antigen (PCNA) labeling indexes (LIs) were evaluated. Laser microdissection was used to capture epithelium and stroma to evaluate treatment effects on cell compartment-specific ESR1, VEGFA, and RXFP1 expression. Imposition of a lactocrine-null state by milk replacer feeding for 48 h from birth retarded endometrial development and adenogenesis. Effects of replacer feeding, evident by PND 2, were marked by PND 14 when endometrial thickness, glandularity, and gland depth were reduced. Consistently, in lactocrine-null gilts, PCNA LI was reduced in glandular epithelium (GE) and stroma on PND 14, when epithelial ESR1 expression and ESR1 LI in GE were reduced and stromal VEGFA and RXFP1 expression increased. Results establish that lactocrine signaling effects morphogenetic changes in developing uterine tissues that may determine reproductive capacity later in life.
INTRODUCTION
Lactation, the defining characteristic of mammals, involves production of milk by the mammary glands for delivery to offspring via nursing. Physiologically, lactation extends the time available for communication of nutrients and signaling molecules from mother to offspring into the postnatal period. Thus, nursing facilitates the fetal to neonatal transition and provides a mechanism for maternal and related environmental factors to affect neonatal growth and developmental programming [1] [2] [3] [4] [5] [6] [7] [8] . The conserved nature of lactation [2, 3] suggests that transmission of nutrients and milk-borne bioactive factors (MbFs) from mother to offspring as a consequence of nursing has provided important adaptive advantages to mammals through lactocrine regulation [7, 9, 10] of critical developmental events during neonatal life. Although lactation strategies vary widely among mammals, milk consumption has broad implications for development that extend beyond basic nutritional support [2, 11, 12] . In marsupials, relationships between milk composition characteristic of multiple lactational stages and the state of development of nursing young are overt [13] [14] [15] . By contrast, such relationships are less obvious in eutherian mammals, in which a single major change in milk composition is defined by the transition from production of colostrum (first milk) to milk early in lactation [2] . Still, peptide MbFs traverse the immature gastrointestinal (GI) tract and are delivered into the neonatal circulation [16] [17] [18] . It is clear that colostrum serves as a conduit for lactocrine transmission of signaling molecules [1, 9, [18] [19] [20] [21] [22] [23] [24] [25] . Colostrum consumption affects differentiation of anterior pituitary mammotropes [18] , development of other somatic tissues including the GI tract, liver, kidney, spleen, and muscle [1, 14, [26] [27] [28] [29] , and immune system maturation [30] [31] [32] [33] [34] .
Data for relaxin (RLX), a prototypical MbF in the domestic pig, indicate that a window of opportunity for lactocrine delivery of MbFs to offspring is open for approximately 48 h from birth [18] . During this period the porcine endometrium undergoes organizationally critical, estrogen receptor alpha (ESR1)-dependent cytodifferentiative and morphogenetic changes as glandular epithelium (GE) differentiates from luminal epithelium (LE) and nascent uterine glands begin to penetrate underlying stroma [9, [35] [36] [37] [38] . Evidence for a lactocrine-driven, feed-forward mechanism regulating onset of ESR1 and vascular endothelial growth factor (VEGFA) expression in neonatal endometrium shortly after birth [39] suggests a role for lactocrine signaling in establishment of the neonatal uterine developmental program [9] .
Recent studies of porcine uterine [40] and cervical [41] tissues show that lactocrine signaling is required to support establishment of tissue-specific neonatal developmental programs, defined as the sequence of events that ultimately specify cell fate and determine cell and tissue identity and function [41] . In these studies, nursing was shown to support normal expression patterns of key markers and mediators of uterine and cervical development including ESR1, VEGFA, and the RLX receptor, RXFP1. Moreover, data for whole cervical tissue [41] show that disruption of lactocrine signaling for 2 days from birth (Postnatal Day [PND] 0) by milk-replacer feeding induces changes in cervical protein and gene expression patterns at PND 2 that persist to PND 14, even when replacer-fed gilts are returned to nursing at the end of PND 2. Effects include significant down-regulation of ESR1 protein expression. Observations indicate that lactocrine signaling is not only required to support the establishment of a normal development program, including patterns of uterine and cervical ESR1 expression, but may also determine the developmental trajectory of these female reproductive tract (FRT) tissues.
Disruption of estrogen-sensitive, ESR1-dependent organizational events associated with development of the neonatal porcine endometrium can have lasting effects on uterine function and reproductive performance in adults [38, 42] . Given that nursing is required to support the normal course of ESR1 and related gene expression events in the neonatal porcine uterus [40] , it is reasonable to suggest that lactocrine signaling should be considered as an element of the organizational palette of factors required to optimize uterine development and tissue developmental trajectory. The extent to which colostrum consumption affects uterine histogenesis and endometrial development has not been described. Moreover, lactocrine-sensitive, tissue compartment-specific developmental events [38] associated with programming of endometrial function remain to be defined. Therefore, to extend previous observations on whole uterine tissue [40] , this study was conducted to determine effects of nursing for 2 days from birth on 1) endometrial histogenesis, including patterns of cell proliferation and ESR1 expression in situ; and 2) temporospatial patterns of RXFP1, ESR1, and VEGFA expression, using laser microdissection (LMD), at PND 2 and PND 14 in the neonatal pig.
MATERIALS AND METHODS

Animals and Tissues
Crossbred gilts (Sus scrofa domesticus) (n ¼ 6-8/group) were assigned randomly at birth to one of four treatment groups (Fig. 1 ). Gilts were either 1) nursed ad libitum for 48 h, 2) gavage-fed commercial pig milk replacer (Advance Baby Pig Liqui-Wean; MSC Specialty Nutrition) for 48 h (50 ml/2 h), 3) nursed ad libitum to PND 14, or 4) gavage fed milk replacer for 48 h followed by return to ad libitum nursing on their dams to PND 14. Uteri were collected at 50 h (PND 2; groups 1 and 2) or on PND 14 (groups 3 and 4). All procedures involving animals were reviewed and approved by Auburn University and Rutgers University Institutional Animal Care and Use Committees.
Uteri were trimmed of excess connective tissue, fixed individually in Xpress Molecular Fixative (Sakura Finetek), and embedded in Paraplast Plus (Fisher Scientific). For LMD, uterine cross sections (10-lm thickness, 20-22 sections/animal, n ¼ 6-8 animals/group) were mounted on Molecular Machines and Industries MembraneSlides (MMI). For immunohistochemistry (IHC) and histomorphometry, uterine cross sections were cut at 6 lm (four sections/gilt) and mounted on glass slides.
Histomorphometry, IHC, and Image Analysis
Tissue sections (n ¼ 4 sections/gilt) were stained with hematoxylin. Histomorphometric measurements were obtained as described previously [35] . Briefly, endometrial thickness was measured as the distance from the base of the LE to the interface of the endometrium with inner circular myometrium. Gland penetration depth was measured from the basal aspect of LE defining the mouth of a gland to the distal tip of each gland where GE met stroma [35] .
IHC was performed using a VectaStain Elite Kit (Vector Lab). Four nonsequential sections per gilt were incubated overnight (48C) with either mouse monoclonal anti-proliferating cell nuclear antigen (PCNA) (1:500; Zymed/Invitrogen) or mouse monoclonal anti-ESR1 (1D5, 1:100; Dako).
Negative control sections were incubated with mouse isotype control IgG (Zymed/Invitrogen). Following incubation with the secondary antibody and the ABC reagent, sections were developed with diaminobenzidine (SigmaAldrich).
Digital images of four endometrial areas per individual uterine section representing gilts from each treatment group were captured using a 5-megapixel QImaging camera. Images were taken at 103 using a 2.53 projection lens for ESR1 and a 3.33 projection lens for PCNA. Images were converted to grayscale and analyzed using ImageJ software (National Institutes of Health). Digital images were converted to 8-bit grayscale and a generated lookup table was applied in order to link to pixel data and generate images with seven pseudocolor categories, where each color represented a range of 36 pixel values. Colors were assigned automatically based on relative staining intensity of grayscale digital images. Nuclei were identified as positive when staining intensity values were at or above 30% of the highest values generated by ImageJ [37] . Thus, grayscale images were pseudocolored to illustrate relative staining intensity. Here, red-yellow color denotes positive staining. Using this protocol, images of negative control sections appear black. To determine labeling index (LI), a minimum of 1000 LE, GE, and stromal cells (labeled and unlabeled) were counted for each gilt. The number of labeled cells counted was divided by the total number of cells counted and multiplied by 100 to generate LI values, expressed as the percentage of cells labeled [37] .
LMD, RNA Extraction, cDNA Synthesis, and Quantitative PCR Uterine cross sections, stained using an RNase-free MMI hematoxylin staining kit, were subjected to LMD using an MMI CellCut LMD workstation. Targeted regions of interest, including endometrial epithelium (LE and GE) and stroma, were identified and outlined using MMI software. Epithelium and stroma were then excised ( Fig. 2 ) and isolated/captured separately on RNasefree MMI IsolationCaps.
The Recoverall Total Nucleic Acid Isolation Kit (Ambion) was used to extract 300-500 ng of total RNA from 15 3 10 6 lm 2 of isolated epithelium and stroma. Total RNA concentration was measured using an ND-1000 NanoDrop Spectrophotometer. The High Capacity cDNA Reverse Transcriptase Kit (Applied Biosystems) was used to generate an estimated 500 ng of cDNA from 500 ng of total RNA.
Complementary DNA generated from isolated epithelial and stromal cells was used as a template for quantification of ESR1, VEGFA, RXFP1, and S15 (reference gene) mRNA by quantitative PCR (qPCR). Procedures included use of Power SYBR Green PCR Master Mix (Applied Biosystems) and an Applied Biosystems Prism 7000 qPCR system. For each transcript, a 10-ng aliquot of cDNA representing each sample was run in duplicate. Primers for RXFP1 and S15 were designed as described by Chen et al. [40] and primers for ESR1 and VEGFA were designed using Primer3 (www.primer3.sourceforge.com) and Amplify3 (www.engels.genetics.wisc.edu/amplify) software. Primers were synthesized by Operon Biotechnologies and designed to have product sizes of .100 bp (Table 1) . To insure specific amplification, tubes containing water only and primers with no template were included in each assay. Primer quality was evaluated by amplifying serial dilutions of the cDNA template. Dissociation curves were used to confirm primer specificity. Data were FIG. 1. Experimental design. Gilts (n ¼ 6-8/group) were assigned randomly at birth (PND 0) to one of four treatment groups in which gilts were either 1) nursed ad libitum for 48 h, 2) gavage fed commercial sow milk replacer for 48 h, 3) nursed ad libitum to PND 14, or 4) gavage fed milk replacer for 48 h followed by ad libitum nursing to PND 14. Uteri were collected at 50 h or on PND 14 (indicated by red arrows).
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analyzed using the relative standard curve method for quantitation of gene expression as described by the manufacturer (ABI User Bulletin 2, 2001; Applied Biosystems).
Statistical Analyses
All quantitative data for histomorphometry, IHC, and qPCR were subjected to analyses of variance using GLM procedures in the Statistical Analysis System (2009-2010; SAS). Analyses considered variation due to the main effect of treatment (nursing vs. replacer feeding) and, where appropriate, tissue compartment (epithelium vs. stroma) for each day (PND 2 and PND 14). Error terms used in tests of significance were based on expectations of the mean squares for error. Data are presented as least squares mean (LSM) 6 SEM.
RESULTS
Endometrial Histogenesis, Cell Proliferation, and ESR1 Labeling Patterns
Effects of neonatal age and imposition of the lactocrine-null state by replacer feeding for 2 days from birth on endometrial histology are illustrated in Figure 3 . Endometrial histology was similar in both nursed and replacer-fed gilts on PND 2, when 
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NURSING AND UTERINE GLAND DEVELOPMENT nascent uterine glands, defined histologically as simple tubular epithelial structures beginning to penetrate the adluminal stroma, were apparent at intervals along the uterine luminal border (Fig. 3, A and B) . Likewise, neither endometrial thickness nor uterine gland penetration depth differed between nursed and replacer-fed gilts on PND 2 (Fig. 3C) . In nursed gilts, uterine gland genesis advanced from PND 2 to PND 14 ( Fig. 3 , A vs. D). When compared to gilts nursed for 2 wk from birth, imposition of the lactocrine-null state for 2 days from birth retarded endometrial adenogenesis (Fig. 3, D vs. E) and reduced both endometrial thickness (P , 0.04) and gland penetration depth (P , 0.001) on PND 14 (Fig. 3F) . Images illustrating patterns of PCNA immunostaining and histograms summarizing PCNA LI data for endometrial LE, GE, and stroma are presented in Figure 4 . Signal indicative of PCNA labeling above background was observed most consistently in nascent GE on PND 2 (Fig. 4, A and B) and more regularly and distinctly in the distal tips of proliferating GE on PND 14 (Fig. 4, D and E) . Consistently, PCNA LI was greater (P , 0.01) in GE than in LE or stroma on both PND 2 and PND 14 (Fig. 4, C and F) .
Endometrial tissue compartment-specific effects on PCNA LI associated with imposition of the lactocrine-null state for 2 days from birth were observed on both PND 2 and PND 14. Compared with nursed controls, PCNA LI in replacer-fed gilts was reduced in both LE (P , 0.02) and GE (P , 0.01) on PND 2 (Fig. 4C) . On PND 14 (Fig. 4F) , PCNA LI in replacer-fed gilts was reduced in both GE (P , 0.001) and endometrial stroma (P , 0.04).
Images illustrating patterns of ESR1 immunostaining and histograms summarizing ESR1 LI data for endometrial LE, GE, and stroma are presented in Figure 5 . Signal indicative of ESR1 labeling above background was observed consistently in nascent (PND 2; Fig. 5, A and B) and proliferating (PND 14; Fig. 5 , D and E) GE. On PND 2, ESR1 LI was greater in GE and stroma (P , 0.001) than in LE (Fig. 5C ). On PND 14, ESR1 LI was higher (P , 0.001) in GE than in either LE or stroma (Fig. 5F ).
Endometrial tissue compartment-specific effects on ESR1 LI associated with imposition of the lactocrine-null state for 2 days from birth were observed on both PND 2 and PND 14 (Fig. 5, C and F) . In this case, stromal ESR1 LI was lower in replacer-fed as compared to nursed controls on PND 2, whereas ESR1 LI for GE was reduced (P , 0.001) in replacer-fed gilts on PND 14.
Endometrial Tissue Compartment-Specific Gene Expression
Effects of treatment on endometrial epithelial and stromal compartment-specific expression of ESR1, VEGFA, and RXFP1 are illustrated in Figure 6 . On PND 2, both ESR1 (Fig. 6A , P , 0.002) and VEGFA (Fig. 6B , P , 0.01) expression was greater in endometrial stroma than in epithelium, whereas RXFP1 expression was greater (Fig. 6C , P , 0.001) in epithelium than in stroma. Imposition of the lactocrine-null state for 2 days from birth did not affect ESR1 or VEGFA expression on PND 2 (Fig. 6, A and B) . However, an endometrial tissue compartment-specific treatment effect was observed for RXFP1, where expression was greater (P , 0.01) in uterine epithelium of replacer-fed as compared to nursed gilts (Fig. 6C, PND 2) .
On PND 14, ESR1 expression was similar in epithelium and stroma (Fig. 6A) , whereas expression of both VEGFA (P , MILLER ET AL. 0.06, Fig. 6B ) and RXFP1 (P , 0.04, Fig. 6C ) was lower in endometrial epithelium. However, imposition of the lactocrinenull state for 2 days from birth reduced (P , 0.02) epithelial ESR1 expression and increased stromal expression of both VEGFA (P , 0.003) and RXFP1 (P , 0.04) on PND 14 (Fig.  6, A-C) .
DISCUSSION
Earlier studies indicated that nursing is required for establishment of neonatal porcine uterine [40] and cervical [41] developmental programs between birth and PND 2. Present results confirm and extend those findings. Here, results show that imposition of the lactocrine-null state for 2 days from birth, by substituting milk replacer feeding for nursing, changed the uterine developmental program by PND 2 such that the developmental trajectory of the endometrium was altered at histomorphological, cellular, and molecular levels on PND 14. These studies support and extend findings for the cervix [41] by showing that returning colostrum-deprived gilts to nursing after PND 2 fails to rescue uterine endometrial phenotype. Results provide evidence that lactocrine signaling during the first 48 h of neonatal life triggers cell compartmentspecific gene expression events and affects related cell behaviors that drive endometrial morphogenesis. Thus, lactocrine signaling contributes to the palette of factors affecting neonatal porcine uterine development.
Patterns of endometrial development observed for nursed gilts reflected those reported previously for the neonatal porcine uterus, as reviewed elsewhere [43] . Consistent with earlier observations [35, 37, 44, 45] , differentiation of GE from LE, apparent on PND 2, as well as proliferation and development of nascent uterine glands was marked by intense, tissue site-specific PCNA and ESR1 immunostaining in GE that became more pronounced by PND 14. Patterns of cell proliferation reflected by PCNA immunostaining observed here were similar to those described for nascent uterine GE in the neonatal pig [35, 45] , sheep [46] , and mouse [47, 48] .
Earlier studies showed that porcine uterine growth and histogenesis, reflected by systematic increases in uterine wet weight, endometrial and myometrial thickness, and patterns of adenogenesis between birth and PND 120, did not differ between gilts ovariectomized at birth and ovary-intact gilts prior to approximately PND 60, when ovarian factors begin to influence uterine growth [43, 44] . Thus, early events in postnatal development of the uterine wall do not require ovarian support. However, present results indicate that development of the porcine uterine wall during the period of ovary-independent uterine growth between birth and PND 14 does require lactocrine support. Effects of imposition of the lactocrine-null state for 2 days from birth on patterns of uterine wall development were pronounced. Although endometrial histology characteristic of PND 2 was similar in nursed and replacer-fed gilts, uterine development was consistently and dramatically retarded in replacer-fed gilts by PND 14. Effects of imposition of the lactocrine-null state observed on PND 14 included reduced endometrial thickness and gland penetration depth, as well as marked inhibition of uterine gland NURSING AND UTERINE GLAND DEVELOPMENT development. This antiadenogenic effect was similar to that observed for neonatal gilts treated with the antiestrogen ICI 182,780 for 2 wk from birth [35] .
Data for PCNA LI, indicative of cell proliferation [49] , revealed that nursing effects on endometrial development are evident by PND 2. Results were cell compartment specific, showing that imposition of the lactocrine-null state from birth reduces PCNA LI in LE and GE on PND 2, and in GE and stroma at PND 14. Mechanistically, these observations are consistent with data indicating that endometrial thickness was reduced and uterine gland genesis was inhibited by PND 14 in the absence of lactocrine signaling from birth. Lactocrine effects on patterns of cell proliferation suggest that mitogenic factors in colostrum are important for support of endometrial morphogenesis in the neonate [16, 27, 50] .
Endometrial maturation and adenogenesis in the neonatal pig require ESR1 expression and activation of the estrogen receptor signal transduction system [35] . Undetectable at birth [44] , porcine endometrial ESR1 expression was recently documented in both stroma and nascent GE for uterine tissues obtained at 24 h postnatally [7] and is routinely identified by PND 2 [7, 40] . These observations were confirmed in the present study. Stromal ESR1 expression was observed most uniformly in nursed as compared to replacer-fed gilts at PND 2, when marked ESR1 expression was identified in nascent GE. Consistently, ESR1 LI, indicative of the percentage of ESR1-positive cells in a given category, was reduced in the endometrial stroma of replacer-fed gilts on PND 2. Results reinforce the observation that effects of nursing on endometrial development are detectable by PND 2. Patterns of adenogenesis and associated patterns of endometrial ESR1 expression observed to occur from PND 2 to PND 14 in nursed gilts also agree with previous observations [35, 44] . Advancement of uterine gland development during this period was expected to involve proliferation of ESR1-positive GE. However, in striking contrast to the normal condition identified for nursed gilts, marked inhibition of uterine adenogenesis induced by imposition of the lactocrine-null condition for 2 days from birth was associated with reduced epithelial ESR1 mRNA expression and ESR1 LI for GE on PND 14.
Data presented here and elsewhere [40] indicate that normal ESR1 expression in the neonatal porcine uterus requires lactocrine support. A feed-forward, lactocrine-driven mechanism was proposed [39] to explain how MbFs, exemplified by RLX, might support induction of endometrial ESR1 expression and related downstream effectors of estrogen and/or RLX action, including both VEFGA and RXFP1, in the neonatal porcine endometrium. Administered for 2 days from birth, exogenous RLX, a prototypical MbF in the pig [50] , induced uterine expression of both ESR1 and VEFGA, and suppressed expression of RXFP1 [9] . Data indicating that uterotrophic effects of RLX can be inhibited with ICI 182,780 in neonatal gilts [9] and rats [51] suggests that ESR1 activation can occur indirectly, via transactivation of this receptor system. However, the extent to which RLX or other, yet to be identified, lactocrine-active MbFs affect the state of ESR1 activation in the neonatal uterus is unknown.
It is clear that ESR1 activation is required to support uterine adenogenesis [52, 53] . Recently, the repressor of estrogen receptor activity (REA), a coregulatory protein affecting function of the nuclear hormone-receptor complex, was implicated as an essential element of the mechanism regulating uterine adenogenesis in mice [53] . Adults rendered homozygous for the REA deletion (REAd/d) were infertile because of disruption of neonatal uterine adenogenesis, the consequent absence of uterine glands in adults, and related downstream endometrial defects. However, adults rendered heterozygous for REA were hyperresponsive to estrogen. It was suggested that patterns of uterine development depend on REA gene dosage [53, 54] . Interestingly, the altered uterine phenotype in REAd/d mice was first observed developmentally between PND 10 and PND 14, a period associated with rapid gland genesis in this species [47, 55] . It will be important to determine the extent to which lactocrine signaling affects REA expression or REA-mediated processes supporting uterine development in the neonatal pig. NURSING AND UTERINE GLAND DEVELOPMENT Prior to this report, assessment of the effects of nursing on patterns of FRT development involved analysis of gene expression in uterine [40] and cervical [41] tissue extracts. Here, histological, IHC, and LMD technologies were employed to determine effects of nursing on patterns of uterine wall development at histological, cellular, and molecular levels. Immunohistochemical analyses enabled assessment of the temporospatial patterns of ESR1 expression and documentation of the percentage of cells in each endometrial compartment (LE, GE, and stroma) labeled positively for nuclear ESR1 protein. Results of IHC-based analyses for ESR1 and ESR1 LI were generally complementary to those obtained by assessment of cell compartment-specific ESR1 transcript expression. However, differences in relative expression of mRNA and protein can and do occur, as reported for uterine VEFGA and matrix metalloproteinase-9 in response to nursing at PND 2 [40] .
It is well recognized that interactions between stroma and epithelium orchestrate development of the uterine wall [38, [56] [57] [58] . Thus, to understand how lactocrine signaling affects the porcine neonatal uterine developmental program, it is essential that effects of nursing on this process be defined on a cell compartment-specific basis. Here, LMD enabled physical dissection and capture of endometrial epithelial (LE þ GE) and stromal cells from neonatal porcine uteri and evaluation of the effects of nursing versus imposition of the lactocrine-null condition for 2 days from birth on epithelial and stromal expression of ESR1, VEGFA, and RXFP1. Isolation of LE and GE separately in sufficient quantities to enable evaluation of cell type-specific responses for each epithelial cell compartment was not accomplished here. Thus, gene expression data based on the LMD protocol were obtained for total epithelium and stroma. Nevertheless, important relationships were identified that complement and extend earlier observations. For example, Chen et al. [40] , in a study of whole uterine tissue, reported that nursing for 2 days from birth increased ESR1 expression when compared to gilts fed milk replacer over the same period. Those results are consistent with the increase in ESR1 expression in endometrial epithelium of nursed gilts observed in the present study at PND 14. On the other hand, as observed here for both epithelial and stromal cell compartments, VEGFA expression in whole uteri [40] was unaffected by nursing at PND 2. The increase in endometrial epithelial RXFP1 expression observed for lactocrine-null gilts at PND 2 also agrees with observations reported for whole uteri 48 h after colostrum deprivation from birth [40] . Because colostrum is a source of bioactive RLX [50] , ingestion of RLX by nursing gilts may be acting in a negative regulatory manner to decrease RXFP1 expression [9] . Data indicating that RXFP1 expression is predominantly stromal agree with an earlier report [18] in which both RXFP1 mRNA and protein were localized primarily in this endometrial cell compartment at PND 14. Present data indicating increased stromal RXFP1 expression for lactocrine-null gilts on PND 14 are consistent with those observations.
Temporospatial patterns of ESR1 expression and ESR1 immunostaining illustrated here and elsewhere [7, 44] for neonatal porcine endometrium suggest the evolution of paracrine conditions necessary to support stromal-epithelial interactions regulating endometrial adenogenesis and proliferation of nascent GE [59] [60] [61] . Results showing that endometrial ESR1 expression is most pronounced in stroma of nursed gilts within 2 days of birth and increases in the epithelial compartment with differentiation of nascent, proliferating, ESR1
þ GE agree with the idea that stromally derived ESR1-mediated signals support epithelial proliferation [60] . Thereafter, with differentiation and proliferation of nascent GE, reciprocal epithelial signals may affect endometrial cell viability by regulating organizationally important processes such as apoptosis [61, 62] . In this regard, imposition of the lactocrine-null state for 2 days from birth suppressed expression of the antiapoptotic factor B-cell lymphoma-2 in neonatal cervical tissues on both PND 2 and PND 14 [41] . To the extent that similar events occur in the developing endometrium, such conditions could destabilize GE and uterine gland development. Reduced epithelial ESR1 expression and ESR1 LI observed for GE were accompanied by parallel reductions in PCNA LI, observed for both GE and stroma, as well as altered patterns of expression documented for stromal VEGFA and RXFP1 on PND 14 in replacer-fed gilts. Dysregulation of both stromal VEFGA and RXFP1 expression by PND 14 in replacer-fed gilts suggests further disintegration of adenogenic conditions [39] . These relationships reinforce the idea that a lactocrine-driven paracrine regulatory system supportive of endometrial development evolves between birth and PND 14.
Lactocrine signaling is clearly required for establishment of the normal porcine endometrial developmental program, and imposition of the lactocrine-null state from birth affects the trajectory of endometrial development in the neonate. If the lactocrine hypothesis is correct, disruption of lactocrine signaling would be predicted to have long-term consequences for uterine function and fecundity. In a recent report [7] , the relationship between PND 0 immunoglobulin immunocrit, a measure of colostrum intake by neonatal piglets [63] , and litter size was defined using data for 381 gilts over four parities (approximately 1525 litters). As predicted by the lactocrine hypothesis, results showed that low immunocrit, indicative of minimal colostrum consumption on PND 0, was associated significantly with reduced litter size in adulthood. These data provide compelling support for the idea that colostrum consumption from birth and, therefore, lactocrine signaling affects uterine capacity and reproductive performance in adults.
Present data establish the importance of lactocrine signaling as an effector of organizationally critical structural changes in developing uterine tissues that can determine reproductive capacity later in life. Observations indicating that effects of nursing on neonatal endometrial development can be tissue compartment specific point to the importance of stromalepithelial interactions as determinants of uterine developmental trajectory. Efforts to understand how lactocrine signaling affects establishment of the uterine developmental epigenotype [7] will provide important insights into maternal programming of reproductive performance and health.
